This study aims to calculate the estimated economic losses in national poultry farming in Indonesia that are infected with pathogenic Escherichia coli. Poor management of chicken preservation is a major predisposing factor. Escherichia coli is a normal flora found in the gastrointestinal tract of chicken, but when the chicken stress or decrease immune system, Escherichia coli develops into a pathogenic agent.
Introduction
Poultry in Indonesia is one of the livestock industry that is able to develop rapidly and is ready to face the global market. The food industry of animal protein in Indonesia as a whole covers the poultry industry at 86.00%, far higher than the pig farming industry, cattle farms and other food industries of animal protein at 5.00%, 8.00% and 1.00% respectively (Lui, 2017) . Chicken meat and eggs are sources of animal protein that are widely consumed by Indonesian people, because the price of chicken meat and eggs is more affordable than other livestock meat.
Broiler farm (broiler chicken) and layer (laying hens), are maintained in small and medium scale farms. The condition of poultry farms is generally in the form of open house with low biosecurity, limited availability of clean water, and inadequate facilities to control room temperature, so that poultry experience stress, heat, and poor health. Poor maintenance management can contribute to the high incidence of a disease. Disease in poultry is one of the obstacles that has an impact on decreasing economic value because poultry that have been attacked by disease can be a source of disease.
Poor maintenance management can cause various diseases in poultry, one of which is colibacillosis. Colibacillosis is a bacterial infectious disease caused by Escherichia coli. Escherichia coli is an opportunistic bacterium, which is a normal flora that is naturally present in the gastrointestinal system in a controlled amount, but when the immune condition of chicken decreases, Escherichia coli can develop into a pathogenic agent. Colibacillosis in broiler has a negative impact on health during the maintenance period because it can cause low weight and death (Wahyuwardani et al., 2014) . Colibacillosis has been shown to have an effect on decreasing egg productivity in laying hens (Hastarinda, 2016 (Vandekerchove et al., 2004) .
The value of colibacillosis morbidity and mortality varies between 5.00 -20.00%. This infectious agent is quite resistant in the environment, but is susceptible to disinfectants and temperatures of 80°C. The distribution of Escherichia coli is very wide, can be found in litter (poultry house floor), chicken manure, dust in poultry house and the environment around the farm, feed, drink, and water sources. Inhalated dust by chicken will infect the respiratory tract with incubation period of 3-5 days. High level of ammonia, poor ventilation of poultry house, and overcrowded populations are also predisposing factors to the widespread Escherichia coli bacteria (McMullin, 2004) . Colibacillosis can affect the poultry industry sector in Indonesia because it can cause economic losses (Figure 1 ).
Efforts to prevent disease can be done in two ways which are breaking the cycle of transmission and treatment. Efforts to break the transmission cycle are more efficient than treatment, because they are done before bird gets sick as a form of prevention. Economic losses due to medical expenses and decreased poultry productivity can be avoided. Efforts to control and overcome diseases require big enough budget. The size of losses due to infection with Escherichia coli pathogens can be determined by referring to the cost of illness approach, both direct and indirect losses. This study aims to calculate the estimated range of economic losses in poultry farms caused by pathogenic Escherichia coli infections in Indonesia. The calculation results are expected to be used as a basis for the importance of conducting efforts to control and overcome pathogenic Escherichia coli infections in Indonesia.
Materials and Methods
This study estimated economic losses on poultry farms in Indonesia. The calculation of economic losses in this study focused on losses due to Escherichia coli pathogens, so that the direct losses calculated included weight loss, decreased egg production, and increased numbers of mortality. The indirect losses calculated included other expenses used which were disinfection and disposal costs as well as labor compensation costs, while other costs and consequences due to high antibiotic treatment and high antibiotic resistance were not included in the calculation due to limited supporting data.
Data source
Analysis calculation of economic losses on chicken farms infected with pathogenic Escherichia coli required adequate data support. Data needed included chicken population data, data on the spread of pathogenic Escherichia coli infections in Indonesia, epidemiological parameter data on pathogenic Escherichia coli infections, and market price assumption data from goods/services related to chicken farming. This loss calculation used census data of chicken population in the year of 2017 (Figure 2 ). Research of broiler disease showed that the diseases identified in a farm were colibacillosis (22.20%), ascites (12.50%), gumboro (12.50%), Newcastle disease (ND) (10.00%), Salmonella pullorum (10.00%), and necrotic enteritis (7.50%). The disease mainly occurred in chickens aged 11-21 days (57.50%) and occurred in the rainy season (60.00%) (Wiedosari and Wahyuwardani, 2015) . Various assumptions of epidemiological parameters from pathogenic Escherichia coli infections useful in calculating economic losses were presented in Table 1 . Economic parameter assumption about market price associated with economic losses due to pathogenic Escherichia coli infections were presented in Table 2 . The assumptions used came from scientific articles, market prices, and experience of experts.
Calculation method
Colibacillosis could affect the poultry industry in Indonesia because it could cause considerable economic losses. Research on the economic consequences of diseases based on the disease study approach was divided into two main categories: main costs generated directly from diseases and other related costs, including the costs of non-health diseases (Rice, 1994 (Wiedosari and Wahyuwardani, 2015) . 
Result and Discussion

Chicken population in Indonesia
The population of broiler and laying hen in Indonesia from the year 2013 to 2017 had increased (Table 3 ). The population of broilers in Indonesia in 2017 reached 1,698,368,741 heads while the population of laying hens reached 166,722,647 heads. The average increase in broiler population in the past 5 years (2013 -2017) was 65,800,902 heads or around 6.03% per year, while the average increase in laying hen population was around 5,372,841 heads or 3.39% per year. The broiler population in 2014 experienced quite high increase of around 7.37% compared to the increase in laying hen population which only increased by around 0.03%. In 2015, the percentage of increase in population of broiler and laying hens was almost the same, which was around 5.89% and 5.69% respectively. In 2016 the increase in broiler population reached 6.82% while in laying hens by 4.09%. In 2017 there was an increase in the population of broiler as well as in the laying hen population of 4.03% and 3.33%. The population size in 2017 is a temporary number issued by the Directorate General of Livestock and Animal Health (Dirjennak Keswan, 2018), this population was then used to calculate the estimated economic losses in the poultry industry in Indonesia infected with pathogenic Escherichia coli.
Estimated economic losses in broiler
Economic losses as a result of the infection of pathogenic Escherichia coli in chicken farms could cause losses in the form of direct losses from diseases and indirect losses. Direct losses in broiler could be through the calculation of body weight loss on harvest period and total mortality. Based on the results of the calculation, it was found that the estimated direct losses caused by pathogenic Escherichia coli infection on the national scale production system of broiler farm reached IDR 13,913,036,730,000,-per harvest period and indirect losses due to extra costs for prevention and control the disease reached IDR. 254,755,311,150 (Table 4) . Based on these two results, then with this calculation method the total losses incurred reached IDR.14,167,792,041,150, -(fourteen trillion one hundred and sixty seven billion seven hundred ninety two million forty one thousand one hundred and fifty rupiahs) per harvest period of broiler.
Estimated economic losses in laying hen
Economic losses as a result of pathogenic Escherichia coli infection in direct losses calculation of laying hen included a decrease in egg production and total mortality of chicken. Estimated direct losses caused by the presence of pathogenic Escherichia coli infections on laying hen production systems on a national scale based on the calculation results reached IDR. 13,366,988,220,800 per month and indirect losses due to extra costs for prevention and control efforts reached IDR. 25,008,397,050, - (Table 5) . Based on these two results, then with this calculation method the total losses incurred reached IDR 13,391,996,617,850 -(thirteen trillion three hundred ninety one billion nine hundred ninety six million six hundred seventeen thousand eight hundred fifty rupiahs) per month.
The assumption of an exchange rate of US $ 1 = IDR. 13,500, -then the value of losses in broiler chickens was equivalent to 1,049 million US dollars or around 833 million euros (assuming 1 euro = IDR. 17,000, -) per harvest period of broiler, while losses on laying hen equals 992 million US dollars, or around 788 million euros per month. Economic losses due to decrease in carcass quality and meat removal in the US and Canada related to the problem of colibacillosis were estimated to reach more than 30 million dollars to 40 million dollars each year (Norton, 1997) . Economic impact of Escherichia coli peritonitis syndrome (EPS), in the Netherlands in 2013. Total losses in broiler farms reached € 3.30 million (per farm) and € 3.70 (per farmer) million for the poultry layer sector (Landman and van Eck, 2015) . Economic losses caused by coccidiosis in Romania with an average of € 3,162,40 per farmer (Györke et al., 2016) , and of course economic losses caused by colibacillosis were much higher.
Conditions in Indonesia, with an estimated population of broiler, around 1,698,368,741 chicken, and the average assumption per chicken reached a normal weight of 2 kg (harvest time of 35 days) and the assumption of price per kg of meat was IDR. 32,000, then the total assets of broiler chickens as a whole reached around 109 trillion rupiah. The amount of losses that was caused reached 14.20 trillion rupiah, so that the overall total loss due to this pathogenic Escherichia coli infection reached 13.10% from the total assets of broiler in Indonesia. The amount of loss proportion incurred on the total assets of these livestock could show how important this disease was to be controlled or overcome.
The high loss due to the infection of pathogen Escherichia coli in poultry in Indonesia was inseparable from the high assumption of the incidence or prevalence of colibacillosis in Indonesia. Many factors that could trigger the occurrence of pathogenic Escherichia coli infections, including weather factors and maintenance management. Wet weather also aggravated the incidence of pathogenic Escherichia coli infections, where a lot of water inundations was possible contaminated by all types of pathogenic bacteria including Escherichia coli so that poultry had peritonitis and caused a higher mortality rate. Pathogenic Escherichia coli infection as a primary or secondary infection, this disease attacked broilers and layers, at all ages, but more often at a younger age than the elderly. This outbreak often occurred in groups of chickens that were kept in a less clean environment and below standard sanitation or after a disease attack caused immunosuppression or respiratory disease (Tarmudji, 2003) .
Death in the first week that occurred in broiler farms was caused by poor chicken quality and infections caused by Escherichia coli starting from chicken hatching. The main symptom of this infection was an infection of the yolk sac. Escherichia coli bacteria were secondary opportunistic bacteria which could play a role in several infections of bones and joints that affect poultry. Colibacillosis or infection due to the bacterium Escherichia coli could cause inflammation in the yolk sac (omphalitis) in the body of chicks (Santosa, 2016) . Lange (2006) explained that omphalitis was the main cause of the increase in chicks death (DOC) in the first week. Omphalitis or infection of egg yolk through the navel, commonly known as mushy chick disease or navel disease (Lange, 2006; Ortega, 2012) .
Cost estimation of disease or economic losses with approach of direct and indirect loss method required complete data support and long time so that the results obtained were more detailed. In this study, estimated total economic losses in chickens infected with pathogenic Escherichia coli in Indonesia produced very large numbers. Determination of the amount of the loss made the consideration of colibacillosis as one of the diseases that got priority to be controlled or overcome was still not enough. Information regarding the estimated economic losses caused by other diseases in chickens needed to be calculated as a comparison. Calculation of estimated losses due to other diseases should also be done using the same method so that the information produced could be compared with each other.
Veterinary economics is a relatively new discipline, which progressively develops conceptual frameworks, procedures and data that are solid to support the decision-making process in optimizing animal health management. Research in this field is primarily concerned with three interrelated aspects: (1) measuring the financial effects of animal diseases, (2) developing methods to optimize decisions when individual animals, groups or populations are affected, and (3) determining the costs and benefits of disease control. The importance of the close relationship between economics and epidemiology is emphasized for future development, as well as the need and possibility for the exchange of international models and procedures (Dijkhuizen et al., 1995) .
Conclusions
Estimation of economic losses in the poultry industry in Indonesia infected with pathogenic Escherichia coli were estimated to reach IDR 14.20 trillion per harvest period of broiler and reached IDR 13.40 trillion rupiah per month laying hen, or worth 13.10% of total poultry assets in Indonesia. Based on the value of economic losses caused, colibacillosis needs to be considered as very important disease to be controlled or overcome.
